Abstract: Calcium nitrate (CaO/CaN) and snail shell (CaO/SS) were successfully utilised for the development of CaO nanoparticle and used in biodiesel synthesis from a mixture of edible and non-edible oils. These solid base heterogeneous catalysts were characterised by FT-IR, XRD, and TGA techniques. Debye-Scherer equation also calculated the average crystalline size of a nanometer. The comparable catalytic activity of CaO/CaN and CaO/SS catalyst was also studied for biodiesel production and found the increment of biodiesel yield from 88% to 92% using CaO/SS. The used optimum reaction conditions were: 6 wt% catalyst loading, 65ºC reaction temperature, 12:1 methanol: oil molar ratio and four hr of reaction time. This research shows that developed basic nano catalyst from snail shell exhibit good catalytic activity. Five reusability runs were also done and found that no loss of catalytic activity up to five runs.
Introduction
New renewable sources have been widely studied because of the fewer petroleum reserves and harmful effect on environmental and human health (Mahesh et al., 2015) . In this view, biodiesel has been accepted by the society as an alternate fuel source which is very environment-friendly (Sajid et al., 2016) . Biodiesel as fatty acid methyl ester (FAME) is achieved by the transesterification reaction of methanol and vegetable oil in the presence of a catalyst (Azeem et al., 2016) . Many types of edible oils(castor oil, sunflower oil, palm oil, linseed oil) and non-edible oil (Jatropha oil, Karanja oil, and thumba oil) found for biodiesel production Rodrigues et al., 2016) . Continuous and huge-scale biodiesel production from edible oils has been gaining much importance because of increasing demand for fuel with high yield due to low free fatty acid (FFA) content in oils. But the use of edible oils for fuel production may lead to the shortage of its availability as food for human consumption. Therefore the use of nonedible oils may be the clarification as they are not fit for human consumption because of having toxic components in it. But the high FFA content, high viscosity, non-availability in sufficient quantity, and their use in industries as a source of bio-lubricants may lead to self-sufficiency problem in non-edible oils for biodiesel production (Ashraful et al., 2014) . Therefore to overcome these challenges, the productions of biodiesel from a mixture of edible and non-edible oils need to be explored. The use of mixture of oils in place of specific oil for biodiesel production can reduce competition for food, may utilise excessive available oils efficiently, and therefore, leading the process toward more economical (Jena et al., 2010; . It was reported that when a mixture of simarouba and Mahua oils with high FFA content was used for biodiesel synthesis, biodiesel yield of 98% with 90% conversion was obtained (Jena et al., 2010) . Likewise, it was found that biodiesel yield varied from 81.7% to 88.0% when a mixture of lard, soybean and frying oil, was used in different proportions (Dias et al., 2008) . The effects of fatty acid composition on biodiesel properties obtained from vegetable oils and their mixtures were investigated which revealed that kinematic viscosity, iodine number and density were strongly influenced by the fatty acid of oils used (Martínez et al., 2014) . Similarly, biodiesel produced from a mixture of waste fish oil, cooking oil and palm oil, and reveals that fatty acid composition of the oil mixture gives high impact on biodiesel properties (De Almeida et al., 2015) . Therefore, proper selection of oils for a mixture to provide a high yield of biodiesel with better properties needs to be investigated.
Biodiesel is produced by a transesterification reaction in the presence of homogenous or heterogeneous catalysts. This is a very common method to promote a reaction between triglycerides with alcohol and catalyst (Jairam et al., 2012) . Homogeneous alkali catalysts (NaOH and KOH) have excellent catalytic activity with some limitations such as the necessity of huge quantity of water, the high cost of production and environmental problem from liquid waste (Vicente et al., 2004; Meher et al., 2006) . To resolve this difficulty, heterogeneous alkali catalysts is used because heterogeneous catalysts provide many advantages such as easy to separate from liquid product, non-corrosive, good catalytic activity, and selectivity, longer catalyst life, recyclable and effective. Till now various heterogeneous catalysts, i.e., Zeolite (Purova et al., 2015; Volli and Purkait, 2015) , alkali earth metal oxides (Lee and Taufiq-Yap, 2015) , KF/γAl 2 O 3 (Gao et al., 2015; Shahraki et al., 2015) and sodium aluminate, etc., (Wan et al., 2009 ) have been developed for biodiesel production. These heterogeneous catalysts also have some drawbacks which include long reaction time (>24 h), high temperature (>170°C), deactivation of the catalyst due to leaching and low catalytic activity (Dehkordi and Ghasemi, 2012) . So the application of nanocatalyst gives higher catalytic activity with stability due to its nano dimension and crystal structure, simple to separate and reusable and simple operational procedures (Hu et al., 2012) . Amongst them, Cao is most used low-cost catalysts due to its easily found in nature with high catalytic activity (Sirisomboonchai et al., 2015) . Various nanocatalyst has been investigated for biodiesel synthesis such as Wen et al. (2010) investigated KF/Cao nanocatalyst and conclude the max biodiesel yield found 96.8% at reaction temperature 65°C, 12:1 of alcohol to oil ratio, 4% w/w catalyst and reaction time 2.5 h. Madhuvilakku and Piraman (2013) produce biodiesel with 92.2% of FAME conversion using TiO 2 -ZnO nanocatalyst in 5 hr. This study reveals that nanocatalyst gives good biodiesel yield because of having the high surface area with good catalytic activity and stability.
The present research work reports the preparation of CaO nanoparticle by using chemicals and waste snail shell and then compared with each other in terms of biodiesel yield and properties from a mixture of edible and non-edible oils. Catalyst characterisation was also done. The effect of reaction parameters on biodiesel yield and reusability study was also examined.
Experimental section

Materials
Waste snail shells were obtained from river area of Uttar Pradesh, India. Thumba, Karanja, linseed and palm oil were bought from the local vendor of Jaipur and Jodhpur (India). AR grade methanol, NaOH, H 2 SO 4 Ca(NO 3 ) 2 .4H 2 O and ethylene glycol with 99% purity purchased from Merck Limited, Mumbai India.
Catalyst preparation method
The CaO were prepared from calcium nitrate and snail shell by a process as reported in the literature and named as CaO/CaN and CaO/SS (Safaei-Ghomi et al., 2013) . Typically, 6 gm of NaOH, 12 ml of ethylene glycol and Ca(NO 3 ) 2 .4H 2 O were mixed with continuous stirring for 10 min and kept about 5 h. After that, it was dried under vacuum drying. Finally, the developed CaO nanoparticle was calcinated (700°C) for 3 h. For the preparation CaO/SS nanoparticle, the snail shells were cleaned with tap water for removing impurities, and consequently dried at 120ºC up to 10 h. Dried shells were crushed in a grinder. Snail shell powder as CaCO 3 source was used instead of Ca(NO 3 ) 2 .4H 2 O by method described in literature (Safaei-Ghomi et al., 2013) for preparing CaO/SS nanoparticle.
Characterisation of catalysts
The Thermo gravimetric analysis (TGA) of catalysts was examined from 27-900ºC using thermal analyser under an N 2 atmosphere with a heating rate of 20°C per min. X-ray diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR) analysis was also analysed by X-Pert Pro powder analytical instrument and Perkin Elmer spectra two (range of 400-4,000 cm -1 ). Catalytic basicity was also examined by Hammet method.
Biodiesel production
Selection of suitable oil mixture
Various blends(mixture of oils) containing different proportions of four oils were chosen for biodiesel synthesis by two step transesterification process at similar operating conditions (temperature 65°C, time 60 min, 6:1 methanol: oil molar ratio, catalyst loading 1 gm / 100 cc). The blend giving highest yield and better biodiesel properties was selected for further studies.
Pre-esterification of blend
In the initial step, the esterification reaction was done for reducing FFA at 60-70ºC by acid catalyst. 100 ml of heated mixture of oils at 60°C and fixed amount (1-2 ml) of acid catalyst (H 2 SO 4 ) was dissolved in 20 ml of methanol for 2 hrs. After ending of the reaction, the final reaction mixture was transferred to the separating funnel and two discrete phases appeared. The upper phase consisting of esterified sample was separated and purified by water and stored for further transesterification reaction. Now in this step, the transesterification reaction was completed using basic catalyst. The reactor setup as described above was used for transesterification reaction. The 100 ml of esterified sample oil was preheated and mixed with the catalyst and methanol in the flask under vigorous stirring. The transesterification reaction was done at 65°C temperature in 4 hr with 12:1 methanol: oil molar ratio and 6 wt% catalyst. Afterwards centrifuge is used to separate the solid catalyst from product mixture. The biodiesel and glycerol layers were appears which were then separated. The purified biodiesel after heating was then used for other biodiesel analysis.
Biodiesel characterisation
Biodiesel yield was characterised by GC analysis using the European regulated procedure EN-14103 by mixing the ester layer (250 mg) in n-hexane (5 ml) containing solution of internal standard methyl heptadeconate (10 gm/L of C 17 ester in hexane). The following equation was given for calculate the yield of biodiesel:
where A is the total peak area from FAME, AMH is the area of methyl heptadeconate, CMH is the concentration of the methyl heptadeconate in mg/ml (10 mg/ml); VMH is the volume of the methyl heptadeconate solution (5 ml); m is the weight of the sample (250 mg) (Chen et al., 2016) .
A gas chromatography (model: master GC Dani instruments, Italy) equipped with capillary column of length 30 m, inner dia 0.32 mm and film thickness 0.25 µm was used for biodiesel analysis. The chromatographic conditions were as follows: detector: 280°C, injector: 240°C, column temperature: 100°-200° at flow rate of 40°C min -1 , 200°-232° at 2°C min -1 , and 232°-280° at flow rate of 30°C min -1 . Nitrogen (purity >= 99.9%) was used as carrier gas. Methyl heptadeconate was used as internal standard in the GC.
Uncertainty analysis
Optimum designs that are obtained without consideration of uncertainties could lead to unreliable designs; therefore uncertainty analysis is required to verify the precision of the experiments. Uncertainties in the experiments are mainly based on instrument choice, reaction condition, calibration, measurement, reading, and analysis planning. In each experiment, the final result is determined from the initial measurements. The error in the final result is similar to the maximum error in any parameter used to calculate the results.
Uncertainty in temperature was ±1°C for thermocouples (J type) as mentioned by manufacturer, while uncertainty in molar ratio and catalyst concentration were observed as ±0.015 mole and ±0.001 wt% respectively by considering the linearity of weighing machine and measuring cylinder as provided by the supplier. The uncertainty in reaction time was observed as ±0.01 sec. The uncertainty of product yield was calculated by using the percentage uncertainties of several instrument used in experiment and found to be ±1%.
Transesterification reaction mechanism
The CaO transesterification reaction mechanism of vegetable oil is shown in Figure 1 . In this mechanism reaction starts with the dissociation of CaO. Then the reaction of methanol with oxygen ion and hydroxide ion producing methoxide ion. The nucleophile attack of the methoxide at the carbonyl carbon of triglyceride generates a tetrahedral intermediate from which the alkyl ester and the diglyceride are formed. After that the methoxide attacks another carbonyl carbon on the diglyceride and resulting monoglyceride. Monoglyceride are converted by the similar reaction mechanism to a mixture of methyl ester and one mole of glycerol (Boey et al., 2008; Kouzu et al., 2008) . 
Experimental results with discussion
Characterisation of mixture of oils
Various oils have been distinguished in terms of fatty acid content, and four oils, thumba oil (highest linoleic acid 52%), karanja oil (oleic acid 44.5-71.3%), linseed oil (linolenic acid 35-60%) and palm oil (32-45% palmitic acid) were selected and mixed in different proportions to get mixture of oil having suitable fatty acid composition for biodiesel production. These properties of oils were measured as per ASTMD6751 standard and are shown in Table 1 .
Characterisation of the catalyst
XRD analysis
Figures 2(a) and 2(b) shows the pattern of XRD of CaO/SS and CaO/CaN nanoparticle respectively. All reflection peaks in XRD analysis such as 17.89°, 29.34°, 34.10°, 50.7° for CaO/CaN and 18.03°, 29.42° and 33.95° for CaO/SS can be readily indexed to a pure cubic phase of CaO (Safaei-Ghomi et al., 2013). Debye-Scherrer equation (D = Kλ/β cos θ), has been used for calculating the crystalline size dia (D) of developed nanoparticale catalyst, where θ defines the position of the maximum of the diffraction peak, β in radian defines full-width at half-maximum, K is shape factor (0.9), and λ is the X-ray wavelength (1.5406 Å for Cu Kα) (Chen et al., 2013) . The average crystallite size of CaO/CaN and CaO/SS were about 44 nm and 33.42 nm respectively. 
FTIR analysis
TGA analysis
Fig 4(a) and 4(b) reveals TGA curves of developed CaO/SS and CaO/CaN nanocatalyst respectively. The CaO/CaN nanoparticle calcined at 700°C shows weight losses in Figure  3 (b). The first weight loss (15.32 wt%) and second weight loss (11.30 wt%) has been observed from the temperature 414.83-523.27°C and 646.45-800.36°C respectively. The reason behind these two weight loss is the removal of calcium hydroxide and decomposition of CaCO 3 to CaO with CO 2 respectively (Suryaputra et al., 2013) . Similarly for CaO/SS as shown in figure 3(a) represent two loss weight peaks at 362.45-480.28°C (6.3 wt%) and 704.39-822.96°C (25.42 wt%) due to the same reason as described for CaO/SS. This TGA study reveals that calcination temperature from 700-850°C and 650-815°C found to be the best calcination conditions for CaO/SS and CaO/CaN respectively. 
Basicity evaluation
Hammett method was used for basicity determination as described in the literature (Tanabe and Yamaguchi, 1963) . The basic strength of catalyst (before and after heat treatment) was obtained according to color variation. From Table 2 , it was concluded that CaO/SS gives high basicity than CaO/CaN which directly proportional to the highest surface area of the catalyst. This results reveal that CaO/SS found to be the highly basic catalyst than CaO/CaN. Exchange method was used for determining the basic sites of developed catalyst by the process explained in literature (Corro et al., 2014) . The pH analysis in terms of time for the prepared catalyst has been shown in Figure 5 . It was found that the basicity neutralisation rate is very high for Cao/SS than other catalyst and constant pH was observed after 25 minutes. Highest basicity of the CaO/SS showed the highest catalytic activity which directly proportional to the highest surface area and highest basic sites of the catalyst. CaO/SS 9.8 < H_ < 18.4 13.45 Figure 6 Catalyst wt% vs. biodiesel yield (methanol to oil ratio = 12:1, temperature = 65°C, time = 4 h) (see online version for colours)
Figure 7
Methanol to oil molar ratio vs. biodiesel yield (catalyst loading = 6wt%, temperature = 65°C, time = 4 h) (see online version for colours) Figure 8 Reaction time vs. biodiesel yield (methanol to oil ratio = 12:1, temperature = 65°C, catalyst loading = 6 wt%) (see online version for colours)
Influence of reaction conditions on the biodiesel yield
Effect of catalyst amount
The impact of catalyst amount from 2-10 wt% on biodiesel yield was studied as shown in Figure 6 . The transesterification reaction conditions were: reaction temperature 65°C, methanol to oil molar ratio of 12:1 and 4 hr reaction time. This study reveals that by using 2-6 wt% catalyst amounts, biodiesel yield increased from 66-88% and 78-92% for CaO/CaN and CaO/SS respectively. Afterward biodiesel yield decreased after loading of catalyst from 8-10 wt%. The reason behind this decrement of biodiesel yield by higher loading of catalyst amount may become the resistant the mass transfer in between liquid and solid phase due to more viscous reaction mixture. The comparative study of the catalyst in terms of biodiesel yield was also shown in Table 3 .
Effect of methanol/oil molar ratio
The impact of methanol to oil molar ratio from 6:1-18:1 on biodiesel yield was studied as shown in Figure 6 . The transesterification reaction conditions were: reaction temperature 65°C, catalyst amount 6 wt% and 4 hr reaction time. From Figure 7 , it was observed that biodiesel yield was increased up to 12:1 methanol to oil molar ratio than after no significant change observed because excess amount of methanol makes the glycerol recovery very difficult. So 12:1 is found to be the optimum methanol to oil molar ratio in this study. Figure 8 shows the impact of reaction time on biodiesel yield. The biodiesel yield increased from 66%-88% 76%-92% for CaO/CaN and CaO/SS with the reaction time from 2-4 hr and then biodiesel yield decreased after 4 hr. This is due to the reverse reaction which leads to the loss of FAME formation. So from above study, the best optimum condition was found to be the, 6 wt% catalyst amount, methanol to oil molar ratio of 12:1, reaction temperature of 65°C and reaction time of 4 h for good biodiesel yield of 88% for CaO/CaN and 92% for CaO/SS.
Effect of reaction time
The total percentage uncertainty in experiments was calculated by using the method proposed by Sivaramakrishnan and Ravikumar et al. (2014) and found to be ±1% in the experiment. Table 3 Comparative study of various nano catalysts for biodiesel production 
Catalyst reusability study
Catalyst reusability study plays an imp role in industrial applications in terms of economic analysis. Five reusability studies of CaO/CaN and CaO/SS were examined by transesterification reaction under optimum conditions as shown in Figure 9 . In this process, after transesterification reaction, the wet solid catalyst was separated by filtration and then activated again at high temperature (800°C) in muffle furnace. This activated catalyst was used for the next transesterification cycle under same optimum conditions. This reusability study ravelled that catalytic activity or biodiesel yield continuously decreased after each cycle and found 75% and 79% highest biodiesel yield after 5th cycle for CaO/CaN and CaO/SS respectively. The loss of catalytic activity may be due to the reduced surface area or blockage of pores. 
Characterisation of biodiesel
Biodiesel properties produced from mixture of oils were measured and compared from ASTM D6751 standard (see Table 4 ).
GC analysis
The Yield of biodiesel was analysed by using GC analysis as shown in Figure 10 which shows the typical chromatograms for the biodiesel produced via blended oil and developed heterogeneous catalyst. 
Conclusions
The present study reveals that biodiesel was successfully synthesised from mixture of oil using CaO/CaN and CaO/SS as solid base nanocatalyst. The characterisation results also represents that CaO/SS gives better biodiesel yield with higher catalytic activity than CaO/CaN. This is because of having high basicity (13.45 mmoles/gm) of the CaO/SS which is directly proportional to the highest surface area. The optimised conditions were: 65oC reaction temperature, 12:1 methanol: oil ratio, 4 hr and 6 wt% catalysts amount. The reusability study was also done and found that no loss of catalytic activity up to five cycles.
